The development of robust neuropsychological measures of social and affective functiondwhich link critical dimensions of mental health to their underlying neural circuitrydcould be a key step in achieving a more pathophysiologically-based approach to psychiatric medicine. In this article, we summarize research indicating that self-reflection (the inward attention to personal thoughts, memories, feelings, and actions) may be a useful model for developing such a paradigm, as there is evidence that selfreflection is (1) measurable with self-report scales and performance-based tests, (2) linked to the activity of a specific neural circuit, and (3) dimensionally related to mental health and various forms of psychopathology.
Introduction
A major goal in psychiatric medicine is to develop a system of diagnosis and treatment that is pathophysiologically-based (Insel et al., 2010) . At present, psychiatric patient assessments are primarily based on clinical observation of overt behavior and patient self-report, without corresponding evaluation of underlying biological mechanisms of dysfunction. By contrast, other medical specialties routinely use biological and physiological assays to inform diagnosis and treatment. For example, in the field of cardiology, objective measurements of physiological parameters (e.g., pulse, blood pressure, cholesterol levels, EKG) are standard, and the prescribed interventions (e.g., dietary changes, exercise programs, drug regiments, surgical procedures) are tailored to address specific aspects of the underlying pathophysiology.
In psychiatric disorders, the pathophysiology is rooted in the brain. Thus, a key step toward developing a new system of diagnosis and treatment in psychiatry is to identify specific and objectively measurable domains of psychological or behavioral dysfunction that are related to particular aspects of brain structure and/or function. Neuropsychology offers a promising approach in this regard. For certain cognitive functions, extensive neuropsychological batteries of performance-based tests have long been established. For example, in the domain of memory, there are standardized performance-based tests that probe the integrity of specific competencies (e.g., verbal vs. non-verbal, short-term vs. long-term memory). Similar batteries of performance-based psychometric tests have been developed to probe aspects of language, perception and executive function. Performance on these measures has been associated with the integrity of specific neural systems (e.g., the link between declarative memory and the medial temporal lobe), and these brainebehavior links are guiding translational research in memory disorders, such as Alzheimer's disease.
Although significant advances have been made in our understanding of the neural correlates of affective and social functions, this has not yet translated into an analogous battery of wellvalidated performance-based clinical measures. Self-reflection is an example of a particular domain of psychological dysfunction that (1) is routinely disrupted in psychiatric illness and cuts across traditional diagnostic categories, (2) is measurable with self-report scales and performance-based tests and (3) can be dimensionally linked to activity within a particular neural circuit. In this article, we review relevant literature, identify outstanding questions, and propose an agenda of research that would support the use of neuropsychological measures of self-reflection combined with neuroimaging to serve as model for establishing a neuro-psychopathophysiological basis for mental healthcare.
Self-reflection and psychiatric illness
The ability to self-reflectdto turn our attention inward to consider our own thoughts, memories, feelings, and actionsdis a fundamental aspect of human cognition. Interpersonally, selfreflection can help us to perceive social cues (Eisenberger and Lieberman, 2004; Lombardo et al., 2010) and generate social emotions (e.g., guilt) (Beer et al., 2003; Tracy and Robins, 2004) , which can promote prosocial behavior and enhance relationships (Baumeister et al., 1994; Keltner, 1995) . Self-reflection can also contribute to emotion regulation (Leary, 2003) , self-awareness (Duval and Wicklund, 1972) , and self-insight (Beck et al., 2004) d processes that are essential for successful psychotherapy outcomes (Mansell, 2011) . However, maladaptive levels of self-reflection, such as ruminative, self-critical thought in depression, can have detrimental consequences for health and well-being. In fact, a prominent psychological theory proposes that heightened selffocused attention is a common feature across several mental illnesses (Ingram, 1990) . While there is substantial evidence to support heightened self-focus in certain types of mental illness, in this article we suggest that both heightened and diminished selfreflection may contribute to mental illness. Thus, the premise of the present article is that self-reflection may be a critical transdiagnostic dimension of social and affective function in mental illness; whereas moderate levels of self-reflection support normal social and affective functioning, significant deviations in the engagement of self-reflection (either elevated or diminished) may be associated with distinct forms of psychopathology.
Excessive self-reflection in mood and anxiety disorders
Heightened self-reflection is a central feature of mood and anxiety disorders (American Psychological Association, 2000; Clark and Wells, 1995; Nolen-Hoeksema, 2000; Nolen-Hoeksema et al., 2008) . Depression and anxiety are associated with pathological levels of rumination and worry. Although rumination and worry are not necessarily or exclusively self-focused in nature, they often consist of perseverative self-focused thoughts including feelings of guilt, self-blame, and negative self-appraisal (Clark and Wells, 1995; Nolen-Hoeksema et al., 2008) . Consistent with these clinical descriptions, numerous empirical studies have found elevated levels of self-focused thought in depression, social anxiety, and social phobia (Ingram et al., 1987; Woodruff-Borden et al., 2001) . For instance, self-report measures of self-reflection have been used to associate depression, social anxiety, and social phobia with heightened self-reflection and self-consciousness (Hope and Heimberg, 1988; Jostes et al., 1999; Smith et al., 1985) . Additionally, a sentence completion task has also been used to demonstrate increased self-focused thought in depression and anxiety disorders (Ingram et al., 1987; Woodruff-Borden et al., 2001) . Heightened self-reflection is also evident in social situations, where depressed patients have been shown to refer to themselves more frequently during conversation, even when unsolicited (Jacobson and Anderson, 1982) . Such self-focused cognition tends to prolong negative affect, predict and maintain psychopathology, and engender social isolation (Just and Alloy, 1997; Mor and Winquist, 2002; Nolen-Hoeksema et al., 2008) . For example, in depression, chronic self-focused rumination can lead to diminished social support and perceived social conflict with others (Nolen-Hoeksema et al., 2008) . Similarly, self-focused cognition in social anxiety and social phobia has been linked to deficits in social perception (e.g., perceiving neutral facial expressions as critical) (Clark and Wells, 1995; Smith and Sarason, 1975) . In sum, elevated levels of self-reflection in depression and anxiety are evident clinically and experimentally, and appear to be associated with impairments in social and affective functioning and overall morbidity.
Diminished self-reflection in autism and psychopathy
In contrast to mood and anxiety disorders, autism and psychopathy are examples of disorders where levels of self-reflection may be pathologically low. Although autism has been associated with alterations in several different aspects of self-related cognition (i.e., autobiographical memory, emotional awareness) (e.g., Klein et al., 1999; Lombardo et al., 2007) , we focus here on selfreflection. It is also important to note that although autism and psychopathy may share impoverished self-reflection as one dimension of dysfunction, these disorders are vastly different across many other behavioral and psychological domains. In autism, diminished self-reflection is thought to contribute to impairments in empathy, theory of mind, and social communication (Frith, 2003; Lombardo et al., 2007) . Consistent with this hypothesis, significantly reduced levels of self-reflection (on both performance-based and self-report measures) have been observed in individuals with autism and Asperger syndrome (Lee and Hobson, 1998; Lee et al., 1994; Lombardo et al., 2007) . For example, reduced self-reflection was demonstrated in children and adolescents with autism in the diminished use of first-person pronouns ("I", "me", "my") in an experimental setting, and the use of fewer self-referents in a social context (Lee and Hobson, 1998; Lee et al., 1994) . Moreover, diminished self-reflection is predictive of lower empathy and higher autism spectrum quotient scores (Lombardo et al., 2007) . Given the clinical heterogeneity across autism spectrum disorders (Georgiades et al., 2013; Pelphrey et al., 2011) , future research is warranted to investigate self-reflection in ASD in individuals with different levels of functioning. In psychopathy, deficient self-reflection may similarly explain the hallmark affective characteristics of the disorder (callous lack of empathy and guilt), as well as laboratory findings indicating a reduced tendency to pause and consider the negative consequences of their actions (Koenigs et al., 2010; Newman and Lorenz, 2003) . Further work is necessary in psychopathy, as few studies have directly examined the relationship between self-reflection and social or affective features of the disorder.
Altered self-reflection in other psychiatric disorders
In addition to the psychiatric illnesses mentioned above, there is evidence for alterations in self-reflection in other psychiatric disorders. Two notable examples are schizophrenia and anorexia nervosa. In schizophrenia, empirical studies have found evidence for both diminished (e.g., Bedford et al., 2012; Holt et al., 2011) and heightened (e.g., Exner, 1973; Morrison and Haddock, 1997; Puentf and Morrisey, 1981) self-reflection. Some researchers have suggested that diminished self-reflection in schizophrenia and other psychotic disorders may contribute to well-known impairments in self-insight, self-monitoring, and self-agency (Beck et al., 2004; Dimaggio et al., 2009; van der Meer et al., 2013) . However, selfreflection cannot fully explain these impairments and symptoms in schizophrenia. For example, other cognitive processes, including executive functions, have been associated with poor self-insight in schizophrenia (Cooke et al., 2010) . In anorexia nervosa, similar to depression and anxiety, elevated self-reflection is a common symptom, characterized by increased negative evaluation of one's own body weight or appearance (American Psychological Association, 2000).
Spectrum-based model of self-reflection and well-being
Taken together, these clinical and laboratory observations suggest that different types of psychiatric illness can be associated with either excessive or deficient levels of self-reflection. We thus propose that self-reflection is a psychological process existing on a spectrum that cuts across traditional psychiatric diagnoses. We further suggest that the relationship between health and degree of self-reflection may follow an inverted u-shape, with moderate levels associated with optimal well-being (Fig. 1) . Similar relationships are observed across a wide array of biological parameters, including pain, stress, blood pressure, and caloric intake (Calabrese and Mattson, 2011) . In this spectrum-based model, we conceive of optimal well-being as a state of overall psychological health and life satisfaction, with the absence of any disruptions of thinking, feeling, mood, ability to relate to others, or daily functioning. At a more basic level, well-being can be operationalized as the absence of any diagnosable psychopathology or mental illness.
With this spectrum-based model of self-reflection in psychopathology in mind, we next consider several self-report scales and experimental paradigms that could be useful for developing clinically-relevant self-report and performance-based measures of self-reflection.
Self-report scales of self-reflection
Several self-report scales have been developed to evaluate selfreflection in healthy and clinical populations. Rumination scales have also been designed to capture both adaptive (curiosity about one's self) and maladaptive (repetitive focus on one's negative traits) aspects of self-reflection (i.e., RuminationeReflection Questionnaire and Ruminative Responses Scale) (Trapnell and Campbell, 1999; Treynor et al., 2003) . Here, we will focus on two scales that have been used most frequently to measure self-reflection and rumination in clinical populations: the Self-Consciousness Scale Revised (SCSR) and the Ruminative Responses Scale (RRS) (Hope and Heimberg, 1988; Joormann et al., 2006; Jostes et al., 1999; Lombardo et al., 2007; Nolen-Hoeksema et al., 2008; Saboonchi et al., 1999; Siegle et al., 2004) . The SCSR is a 22-item questionnaire that includes questions regarding both public (e.g., related to one's appearance) and private self-consciousness (e.g., related to one's inner thoughts) (Scheier and Carver, 1985) . Some example items include "I'm usually aware of my appearance" and ''I think about myself a lot''. The RRS is 22-item questionnaire with items assessing the frequency of self-reflection, brooding, and ruminative thought (Treynor et al., 2003) . Example items from the RRS include "Go someplace alone to think about your feelings", "Think, what am I doing to deserve this", and "Think about how alone you feel". The SCSR and RRS have been used to indicate heightened levels of selfreflection and rumination in depression, social anxiety, and social phobia (Hope and Heimberg, 1988; Joormann et al., 2006; Jostes et al., 1999; Nolen-Hoeksema et al., 2008; Saboonchi et al., 1999; Siegle et al., 2004) . Diminished levels of self-reflection, by contrast, have been found in autism using the SCSR (Lombardo et al., 2007) .
Although these self-report questionnaires have provided important insights into the relationship between self-reflection and psychiatric illness, there are some potential limitations to these findings. Compared to performance-based tasks, self-report scales can be less sensitive to changes over time, and potentially inaccurate (Offer et al., 2000; Reuben et al., 1992) , in particular when applied in clinical populations with reduced insight (Orfei et al., 2008) . These limitations in self-report scales highlight the need for complementary, clinically valid performance-based measures of self-reflection.
Performance-based measures of self-reflection

Judgment paradigms requiring explicit self-reflection
Although a variety of paradigms have been developed to explicitly prompt self-reflection, the most commonly used approach involves personality trait judgment (Rogers et al., 1977) . In this task, personality traits are evaluated on the basis of: (i) selfrelevance (e.g., "Am I self-disciplined?"), (ii) other-relevance to a familiar person (e.g., "Is my mom generous?"), and (iii) semantic or shallow processing (e.g., "Is this trait desirable/capitalized?"). After a delay, a recognition test is administered where participants are asked to make old/new judgments of presented traits. This task can be used to measure the interaction between self-reflection and memory, termed the "self-reference effect" (SRE), in which traits processed for self-relevance are better remembered than traits processed for other-relevance (Rogers et al., 1977) . This task has already been used to demonstrate diminished SRE in autism (Lombardo et al., 2007) , but increased memory for negative selfrelevant traits in depression (Bradley and Mathews, 1983) .
Personality trait judgment tasks have also been used to examine the relationship between self-reflection and emotion. For example, in a task developed by Moran et al. (2006) , personality traits are judged for self-relevance, while trait valence is manipulated by including both positive and negative traits (i.e., "kind" or "mean"). The interaction between self-relevance and emotion can then be measured by calculating the proportion of traits rated for selfrelevance as a function of valence. In this task, psychologically healthy participants tend to show a self-related positivity bias (endorsing more positive than negative traits as self-relevant), whereas depressed patients have exhibited a bias toward negative self-appraisal (Poulsen et al., 2009 ).
Open-ended self-reflection tasks
A distinct, but related, approach is to assess aspects of selfreflection in an open-ended format. One such example is the selffocus sentence completion task (Exner, 1973) , in which participants are presented with a number of open-ended sentence stems (e.g., "I think.", or "My father.") to complete as they choose. Sentence responses can then be scored for degree of self-focus by independent raters, or by more objective measures such as counting the total number of first-person pronouns, and for valence (positive/ negative/neutral). Studies using this task have demonstrated increased self-focus in depression and social phobia (Ingram et al., 1987; Woodruff-Borden et al., 2001) , and reduced self-focus in individuals with autism (Lombardo et al., 2007) . A second open-ended approach is thought sampling, which has been used to assess the Fig. 1 . An inverted u-shaped curve illustrates the proposed relationship between selfreflection (x-axis) and overall well-being (y-axis). Both high (depression and anxiety) and low (autism and psychopathy) levels of self-reflection are associated with lower overall well-being. content of thoughts following rumination or worry inductions (McLaughlin et al., 2007) . In this approach, thought probes are given at unexpected times during an ongoing task and participants are asked to write down whatever is on their mind at that time. These thought samples can then be scored for self-relevance (i.e., firstperson pronoun use) and valence (positive/negative/neutral).
In addition to the development of behavioral tests, a neuropsychological approach to self-reflection implores a link between behavior and brain. To this end, we will briefly review research findings that have begun to elucidate the neural circuitry underlying self-reflection.
Neural circuitry associated with self-reflection
Research in cognitive neuroscience has highlighted the role of two key brain areas in self-reflection: the medial prefrontal cortex (mPFC) and the posterior cingulate cortex (PCC) (Fig. 2) . Evidence for the importance of these two regions in self-reflection has been derived from behavioral studies of neurological lesion patients and patients with neurodegenerative diseases as well as functional neuroimaging studies of healthy and psychiatric populations.
Impaired self-reflection following prefrontal brain injury
Clinical observations from neurological lesion and neurodegenerative cases have documented the critical role of mPFC in selfreflection and self-insight. Deficits in self-reflection in patients with mPFC brain injury are most apparent in social interactions, which often require thinking about how one's own behavior might affect others. For example, patients with mPFC lesions show diminished empathy, guilt, shame, embarrassment, and social disinhibition (Barrash et al., 2000; Beer et al., 2003; Eslinger and Damasio, 1985) . Experimentally, mPFC lesion patients do not exhibit the normal memory advantage for self-related information (SRE) (Philippi et al., 2012) . Furthermore, damage to ventral mPFC has been shown to lower the risk for developing cognitive and affective symptoms of depression, such as self-dislike, self-criticalness, and feelings of worthlessness (Koenigs et al., 2008) . Similarly, frontotemporal dementia (FTD) is associated with degeneration of the mPFC (in addition to temporal and insular regions) (Seeley et al., 2008) and a diminution of self-reflection. In FTD, symptoms of the behavioral variant are partially overlapping with psychopathic traits/behaviors (i.e., lack of empathy, disinhibition and impulsivity), which may be mediated in part by deficits in self-reflection (Rascovsky et al., 2011) . Several studies have also associated FTD with a loss of self-processes requiring self-reflection, such as selfconscious emotions (i.e., embarrassment), self-monitoring, selfawareness and self-knowledge of one's cognitive and behavioral changes (Eslinger et al., 2005; Sturm et al., 2008) .
Together, the neurological lesion and neurodegenerative disorder patient studies suggest that mPFC is a critical neural substrate for self-reflection. These findings are consistent with complementary results from functional brain imaging studies.
5.2. The "default mode network" and self-reflection Functional neuroimaging research has identified a "default mode network" (DMN)dconsisting of mPFC, posterior cingulate cortex (PCC), and lateral parietal regionsdthat is more active at 'rest' (during periods of unconstrained thought) than during externally directed cognitive tasks (Buckner et al., 2008; Raichle et al., 2001) . Functional magnetic resonance imaging (fMRI) studies also show a high degree of correlated activity ("functional connectivity") within the DMN during rest conditions (Greicius et al., 2003) . While the precise functional significance of the DMN is not fully understood, there is increasing evidence that the DMN plays an important role in self-reflection. The association between the DMN and self-reflection is based primarily on two lines of evidence. First, during rest conditions subjects frequently report that they are engaged in self-reflectiondthinking about themselves, such as past memories and future goalsdand self-reports of selfreflection are associated with DMN activity (Andreasen et al., 1995 (2011) found that the same ventral mPFC and PCC regions were activated both during rest and self-referential processing task conditions. Similarly, Andrews-Hanna et al. (2010) showed that ventral mPFC and PCC regions were commonly recruited when subjects were making self-relevant decisions, regardless of the time period (present or future). Additionally, taskbased fMRI studies have shown that activity in the mPFC (Macrae et al., 2004; Moran et al., 2006) and PCC (Moran et al., 2006) are modulated by the degree of self-relevance (e.g., How relevant is this trait to me?) during personality trait judgment tasks. Similarly, a positron emission tomography (PET) study found that the amount of self-reflection correlated with cerebral metabolism in the mPFC during a personality trait judgment task (D'Argembeau et al., 2005) . Besides self-reflection, DMN activity, including lateral temporal and parietal regions, has also been associated with other cognitive processes including prospective memory, episodic memory retrieval, theory of mind, and moral decision making (AndrewsHanna et al., 2010; Buckner and Schacter, 2008; Greene et al., 2001; Spreng and Grady, 2010; Spreng et al., 2009 ). Nonetheless, the mPFC and PCC components of the DMN appear to be most reliably linked to self-reflection (e.g., Andrews-Hanna et al., 2010; Whitfield-Gabrieli et al., 2011) . Given these empirical links between self-reflection and the DMN, in particular the mPFC and PCC, we next consider the evidence for DMN dysfunction in psychiatric populations with ostensibly maladaptive levels of self-reflection.
DMN dysfunction in psychopathology and the spectrum-based model of self-reflection
Although aberrant DMN activity and connectivity at rest have been reported across a variety of psychopathological conditions Fig. 2 . Midsagittal view of the brain depicting components of the default mode network most consistently implicated in self-reflection: the medial prefrontal cortex (mPFC) and posterior cingulate (PCC) (red). (Broyd et al., 2009; Whitfield-Gabrieli and Ford, 2012) , here we will focus on DMN dysfunction in the aforementioned psychiatric illnesses associated with excessive or deficient self-reflection, respectively.
Neuroimaging studies in patients with major depression and anxiety have demonstrated heightened DMN activity and connectivity in both rest-state and task-based neuroimaging. In depression, increased resting metabolism in the ventral mPFC (subgenual ACC) is well-documented (Drevets et al., 2008; Mayberg, 1997) , and is a site of deep brain stimulation for the treatment of depression (Mayberg et al., 2005) . More recently, evidence of DMN hyperactivity has been found in rest-state fMRI, where increased functional connectivity within the DMN, in particular the ventral mPFC, has been documented in depressed patients (Berman et al., 2011; Greicius et al., 2007; Zhu et al., 2012) . Importantly, heightened DMN activity and functional connectivity in depression also correlates with rumination and depression severity (e.g., Berman et al., 2011; Greicius et al., 2007; Hamilton et al., 2011) . Task-based fMRI research has also shown reduced DMN task-related suppression in depressed patients during various paradigms involving affective processing (Whitfield-Gabrieli and Ford, 2012 for review). Relatedly, a task-based fMRI study in patients with anxiety disorders has found diminished task-related suppression of the mPFC component of the DMN in an emotional listening task during the neutral word condition (Zhao et al., 2007) . Another fMRI study has shown reduced task-related suppression of the PCC component of the DMN in patients with social phobia during a facial perception task with emotional faces (Gentili et al., 2009) . Additionally, increased rest-state functional connectivity of mPFC within the DMN was found in patients with social anxiety disorder (Liao et al., 2010) . Given the putative role of the DMN in self-reflection, such elevated DMN activity/connectivity in patients with depression and anxiety, relative to mentally healthy individuals, may be linked to the excessive self-reflection (rumination and worry) characteristic of these disorders.
At the other end of the spectrum, autism and psychopathy have been associated with diminished DMN activity and connectivity. Individuals with autism and autism spectrum conditions have been found to exhibit diminished mPFC activity during a self-reflection task (Lombardo et al., 2010) , as well as reduced functional connectivity within the DMN at rest (e.g., Kennedy and Courchesne, 2008; Monk et al., 2009) . Similarly, psychopathic prison inmates have demonstrated significantly lower resting-state functional connectivity within the DMN (particularly between the PCC and mPFC) (Motzkin et al., 2011; Pujol et al., 2012) . Together, these fMRI findings in autism and psychopathy are largely consistent with the decrements in self-reflection associated with the disorders. Coupled with the aforementioned studies of depression and anxiety, these findings suggest that DMN dysfunction, in particular mPFC and PCC, in psychopathology could serve as a functional neuroimaging biomarker of either excessive or decreased selfreflection.
While we concentrated our review of neuroimaging literature on the psychiatric illnesses mentioned above, emerging fMRI research in patients with schizophrenia has found evidence for both hypoactivity Holt et al., 2011; Liemburg et al., 2012) and hyperactivity (Whitfield-Gabrieli and Ford, 2012 for review) within the DMN. There seem to be at least two potential explanations for these discrepancies in DMN activity in schizophrenia. First, different methods (e.g., resting-state versus task-based fMRI), tasks, and analytic approaches have been used to examine activity and connectivity within the DMN in schizophrenia. For example, two task-based fMRI studies found hypoactivity within the mPFC during a personality trait judgment task Holt et al., 2011) . By contrast, in a different task-based fMRI study decreased deactivation or "hyperactivity" in the mPFC was found during a working memory task (WhitfieldGabrieli et al., 2009 ). Thus, due to basic task differences, these results are difficult to compare. However, it appears that there is some consistency in decreased mPFC activity during tasks presumably engaging self-reflection in schizophrenia (e.g., Bedford et al., 2012; Holt et al., 2011) . Second, symptom heterogeneity within schizophrenia (Albus, 2012; Sawa and Snyder, 2002) may also contribute to the disparities observed in DMN activity. For instance, differences between severity and presence of positive and negative symptoms could relate to differences in DMN activity. In line with this hypothesis, a resting-state fMRI study showed a correlation between positive symptom severity and DMN connectivity in patients with schizophrenia (Whitfield-Gabrieli et al., 2009) . Thus, given the variability in these imaging findings and symptom heterogeneity within schizophrenia (Albus, 2012; Sawa and Snyder, 2002) , future work is necessary to examine the precise relationship between different aspects of self-referential processing and the DMN in schizophrenia. For example, studies could examine the relationship between particular symptoms and/or symptom severity and activity within the DMN using both taskbased and resting-state fMRI.
From a developmental perspective, it will also be important to consider the potential influence of age on DMN connectivity. For example, rest-state fMRI findings have demonstrated reduced functional connectivity between mPFC and PCC regions of the DMN in children (Fair et al., 2008) and older adults (Andrews-Hanna et al., 2007) . However, these studies did not associate DMN activity or connectivity with corresponding measures of self-reflection. Thus, further research will be crucial to determine whether the development/decline of self-reflection is linked with corresponding changes in DMN function in development, aging, and psychopathology.
DMN changes associated with treatment
If DMN dysfunction does play a role in psychopathology, then we would expect successful treatments to be associated with changes in DMN activity. Indeed, recent fMRI work suggests that therapeutic interventions may restore aberrant DMN connectivity in clinical populations Liston et al., 2014; Posner et al., 2013; Yoshimura et al., 2013) . For example, an fMRI study in patients with dysthymia found that pharmacological treatment with antidepressants normalized DMN activity at rest (Posner et al., 2013) . Another fMRI study showed that patients with major depression had decreased rest-state functional connectivity within posterior regions of the DMN, including the PCC, after antidepressant treatment . Similarly, a recent fMRI study found that treatment with transcranial magnetic stimulation normalized rest-state DMN connectivity, in particular within the mPFC, in patients with depression (Liston et al., 2014) . Additionally, a 12-week cognitive behavioral therapy program for patients with major depression was associated with reduced sgACC activity during processing of negative self-relevant stimuli and increased sgACC activity during processing of positive self-relevant stimuli (Yoshimura et al., 2013) . While this early work is promising, more clinical studies are necessary to determine the impact of different types of treatment on DMN functioning and self-reflection (excessive or diminished) across psychiatric illnesses.
Caveats to the spectrum-based model of self-reflection
In reviewing evidence for a spectrum-based model of selfreflection, we focused on quantitative differences in self-reflection (excessive or diminished) across different mental illnesses.
However, there may also be qualitative differences in self-reflection, such as the content of self-reflective thought. For example, in depression ruminative thought is focused on negative aspects about oneself (e.g., "I am worthless"), whereas in generalized anxiety disorder worry is concentrated on potential threats, such as health problems (American Psychological Association, 2000) . Thus, future studies may also investigate qualitative differences in self-reflection to further understand distinct and overlapping self-reflective processes in psychiatric illness. Another aspect of self-reflection that should be considered is the accuracy of self-appraisals. For instance, psychological and neuropsychological research has examined the accuracy in the knowledge of one's own personality traits (Klein and Gangi, 2010 for review) and of one's own behavioral/cognitive impairments (Prigatano and Fordyce, 1986 ). Similar methods, comparing self-ratings with collateral-ratings (e.g., spouse, parent, sibling) of one's own self-reflective thoughts, could be used to investigate self-reflective accuracy in various psychiatric conditions.
While the functional neuroimaging literature has reliably implicated the mPFC and PCC in self-reflection, fewer studies have examined whether this circuit is modulated by the amount of selfreflection (D'Argembeau et al., 2005; Macrae et al., 2004; Moran et al., 2006) . It is also unclear whether activity in this circuit is critical for self-reflection or other potentially related processes, such as mentalizing or autobiographical memory retrieval. It is possible that subcomponents of the default mode network (DMN) are associated with qualitatively different types of self-reflection. For example, recent work has shown that thinking about one's future preferentially engages the medial temporal subsystem (including parahippocampal gyrus), while self-relevant and emotion-related cognition in general engages the dorsomedial subsystem, including the mPFC and PCC (Andrews-Hanna et al., 2010) . Altogether, these unanswered questions highlight the need for the development of better tests of self-reflection, which will be essential for identifying the neural circuitry necessary for different types and levels of self-reflection.
To date, previous neuropsychological research supports the causal role of the mPFC and PCC in self-reflection. However, in humans, naturally occurring lesions (e.g., after a stroke) may commonly encompass multiple functional subregions and white matter pathways. Due to these limitations in the human lesion method, it can be difficult to identify patients with focal lesions resulting in a single cognitive or behavioral deficit. That being said, we typically do not see widespread cognitive deficits following mPFC and PCC lesions. For example, mPFC lesion patients showing deficits in the self-reference effect for memory had intact scores on assessments of IQ, language, memory, and visuospatial ability (Philippi et al., 2012) . Nonetheless, future studies using more anatomically focused interventions (e.g., deep brain stimulation, transcranial magnetic stimulation) combined with neuropsychological tests will be necessary to establish the causal role of the mPFC and PCC in self-reflection.
As a coarse starting point, we have adopted the phrase "amount of self-reflection" for the purposes of this review. However, we are hopeful that future studies in this area will help to refine this phrase and test the spectrum-based model with new findings from a variety of healthy, neuropsychological, and psychiatric patient populations using different self-reflection tasks. Through this additional research we may also find that particular disorders do not have self-reflection as a core feature or symptom, and/or that self-reflection could vary independently of other core features of particular psychiatric disorders. Although there is not yet evidence that the amount of self-reflection reliably distinguishes between different psychiatric disorders, we suggest that the ultimate benefit of this line of research may not be to discriminate between members of different psychiatric groups. Rather, consistent with dimensional approach outlined by the National Institute of Mental Health (NIMH) (Insel et al., 2010) , self-reflection may serve as a psychological factor that cuts across traditional psychiatric diagnoses. As such, self-reflection could be a dimension of psychological health that is diagnosed and treated in its own right. Nevertheless, future research will be crucial to determine the applicability and scope of this theoretical perspective across different psychiatric disorders.
Although we concentrate on self-reflection in this review, other types of self-related processing, including bodily self-processes (e.g., self-recognition, self-agency, interoceptive awareness), are also relevant to mental illness and may rely on different neural circuitry. Several studies have associated schizophrenia with impairments in bodily self-recognition and self-agency Daprati et al., 1997; Haggard et al., 2003; Metcalfe et al., 2012; Synofzik et al., 2010) . For example, in a study of bodily self-recognition, patients with schizophrenia and hallucinations/delusions of control had greater difficulty distinguishing between their own action and an action that was not their own (movement of an alien hand produced by experimenter) (Daprati et al., 1997) . Further, neuroimaging studies suggest that other self-related processes may rely on distinct neural circuitry also relevant to psychiatric illness, e.g., the mirror neuron system (Zhao et al., 2013) . For instance, the judgment of self-agency has been associated with insular activity in healthy populations (e.g., Farrer and Frith, 2002) , but increased inferior parietal activity in schizophrenic patients (Spence et al., 1997) .
In addition, other self-related processing constructs have also been studied extensively in relation to psychiatric illness, including self-monitoring, alexithymia (diminished ability to identify/describe emotions), self-insight, and self-awareness Frith et al., 2000; Stephan et al., 2009; Taylor et al., 1991) . For instance, Frith proposed that delusions of control in schizophrenia could be explained by fundamental impairments in self-monitoring and awareness of self-generated action Frith and Done, 1989) . Alexithymia, characterized by an inability to identify and describe feelings, is a significant predictor of psychopathology, is associated with autism, and with poor psychotherapy outcomes (Conrad et al., 2009; Lombardo et al., 2007; Ogrodniczuk et al., 2011) . In the context of this review, it is interesting to consider the relationship between self-reflection and these other constructs. One possibility is that self-reflection is a process that contributes to or is required for self-monitoring, emotional awareness, self-insight, and self-awareness. Consistent with this hypothesis, Beck et al. suggest that self-insight is composed of two component processes: self-reflectiveness and self-certainty (Beck et al., 2004) . Moreover, recent work has examined the relationship between impaired self-reflection and insight in patients with schizophrenia, again suggesting that self-reflection may contribute to self-insight (Lysaker et al., 2011; van der Meer et al., 2013) . Similarly, other theories propose that self-reflection is crucial for self-monitoring of thoughts for agency (e.g., "Is this thought my own?"), increasing emotional awareness in alexithymia, and introspective aspects of self-awareness (Duval and Wicklund, 1972; Synofzik et al., 2008; Taylor et al., 1991) .
Although the precise relationships among these various facets of self-related processing remain to be fully elucidated, it is clear that the degree and nature of self-reflection is a critically important psychological feature of mental illness.
Future directions
In this article we have outlined support for the development of a neuropsychological approach to evaluating self-reflection in psychiatric illness. However, in order to more conclusively demonstrate the clinical benefit of this approach, we suggest several questions to guide future research:
Can neuropsychological assessment of self-reflection (behavioral test performance and/or functional imaging of mPFC-based neural circuits) provide information about the risk for developing a particular disorder? Developmentally, could self-reflection assessment (in parents and children) be useful in determining risk for childhood psychopathology? Can specifically targeting the psychological and neurobiological processes underlying self-reflection lead to improved patient outcomes? For instance, clinicians may select therapies or develop treatments aimed at decreasing excessive selfreflection (e.g., mindfulness-based therapy) or increasing diminished self-reflection (e.g., dialectical behavioral therapy). Could pharmacological or brain stimulation techniques be employed to modulate activity in the mPFC circuit, and would these interventions affect self-reflection? Could the diagnostic neuropsychological assessment information be used to predict the patient's response to the various treatment options, and thus to tailor treatments accordingly? Could the behavioral and/or neuroimaging assessment information be used to monitor the efficacy of the treatment?
Pending answers to these questions, the translation of cognitive neuroscience research into clinical practice may be close at hand.
Conclusion
In conclusion, we believe that neuropsychology offers a promising perspective for advancing psychiatric medicine toward a more pathophysiologically-based system of diagnosis and treatment. This perspective is consistent with the NIMH's goal of using a dimensional approach to classify mental disorders based on objective behavioral and neurobiological measures. We are optimistic that continued progress in elucidating the brainebehavior relationships critical for social and affective function, such as the work described here on self-reflection, will provide the foundational knowledge necessary for achieving this goal.
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